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摘  要 
I 
 
摘    要 








流模式 POP 对热带太平洋及中国近海在 RCP4.5 和 RCP8.5 情景下在 2080-2099
年相对于 1986-2005 年的气候变化进行动力降尺度预估，得出的主要结论如下： 
（1）热带太平洋平均海表面温度上升 
RCP4.5 和 RCP8.5 情景下的平均升温分别约为 1.4°C 和 2.6°C， SST 增
幅最大的区域位于赤道西太平洋，增幅最小的区域位于东南部的副热带太平洋。
北副热带太平洋平均 SST增量比南副热带太平洋平均 SST增量约大了 0.5°C。 
（2）赤道东太平洋 El Nino分布型态增加 
在次表层赤道东太平洋海温增量大于赤道西太平洋，赤道东太平洋温跃层
深度增加大于赤道西太平洋，使得赤道太平洋温跃层东西向倾斜度减小，预示
着未来赤道东太平洋 El Nino 分布型态会增加。 
（3）热带太平洋次表层热含量增加 
热含量的最大增幅位于南北副热带太平洋，热含量的增量从上表层到 400
米的次表层逐渐递减。在 RCP4.5 情景和 RCP8.5 情景下，从表层到 400 米深的















摘  要 
II 
 
RCP4.5和 RCP8.5情景下，北赤道流的平均输运量分别约减少 5%和 10%，
北赤道逆流的平均输运量分别约减少 10%和 12.5%，南赤道流北支的平均输运




潮减弱。在 RCP4.5 情景下黑潮的平均体积输运量将减少 12%，平均热输运量
将减少 8%，在 RCP8.5 情景下黑潮的平均体积输运量将减少 15%，平均热输运
量将减少 8.5%，黄海暖流和台湾暖流没有明显变化。 
（6）中国近海海表面温度增加 
海表温度的增幅从南到北逐渐增大。在 RCP4.5 和 RCP8.5 情景下，中国近






















As IPCC AR5 reported, it’s no doublt that climate system has been warmer since 
the mid-20th century.  Ocean plays an important role in the formation and change of 
climate, adjusting the heat and moisture source which influence the motion of 
atmosphere.  Under the background of global warming, the increase of greenhouse 
gases concentration is nearly spatially uniform, but the response to global warming is 
of great difference among regions. The regional oceans display their own changes 
though they share the common patterns of the global mean change. The climate 
change projections of tropical Pacific and China marginal seas help to promote the 
understanding of the global climate change, and help to assessment the influence of 
climate change on global and China. At present, the climate change projection of 
tropical Pacific and China marginal seas are relatively less and of low resolution. The 
paper presents the climate response of tropical ocean and China marginal seas to 
global warming during 2080-2099 compared to 1986-2005 through dynamical 
downscaling using a three-dimensional ocean general circulation model (Parallel 
Ocean Program, POP) under the RCP4.5 and RCP8.5 scenarios.   The principal 
conclusions are as follows: 
The sea surface temperature of tropical Pacific will increase. Under the RCP4.5 
and RCP8.5 scenarios, the average increments are about 1.4°C and 2.6°C  
respectively with the largest increments lied in western equatorial Pacific and the 
smallest increments in the southeast subtropics. The average SST warming is greater 
by about 0.5°C in the northern than southern subtropics which is caused by the 
asymmetrical change of wind stress in the two hemispheres. 
In the subsurface of equatorial Pacific, the sea temperature increment is greater 
in the east than that in the west. The depth of equatorial thermocline  is deeper in the 
east than that in the west , thus reducing the tilt of the thermocline between the two 
directions, which indicates the El nino distribution pattern will increase in the eastern 
equatorial Pacific in the future under the global warming.  
The heat content of the tropical Pacific will enhance. The largest increment is in 
the northern and southern subtropics, and concentrated on the surface to subsurface in 
















of 400 meters, the mean temperature increment is approximately 0.8°C and 1.7°C, 
and the heat content  is about 0.15% and 0.39% larger, respectively.  
The equatorial currents directly driven by the trade wind will weaken due to the 
weakening of the equatorial trade wind under global warming. Under the RCP4.5 and 
RCP8.5 scenarios, the north equatorial current will reduce by about 5% and 10% 
respectively, and the north equatorial countercurrent will reduce by about 10% and 
12.5%, and the  north branch of the south equatorial current will reduce by about 16% 
and 24%, and the south equatorial countercurrent will reduce by about 15% and 35% , 
respectively.   There is a little increment in the south branch of the south equatorial 
current and the equatorial undercurrent. 
The kuroshio will weaken mainly caused by the wind stress change in the north 
Pacific and positive anomaly of the wind stress curl due to the global warming. Under 
RCP4.5 and RCP8.5 scenarios, the average volume transport of kuroshio will reduce 
by about 12% and 15%, and the average heat transport of kuroshio will reduce by 
about 8% and 8.5%, respectively. There is no obvious change in the Yellow sea warm 
current and Taiwan warm current. 
The sea surface temperature of the China marginal seas will increase, the 
amplitude of the increment gradually enhanced with the rising of the latitude. Under 
the RCP4.5 and RCP8.5 scenarios, the average SST increments are about  1.5°C and 
3.2°C  respectively, with the largest increments in the Bohai sea and the smallest 
increments in the kuroshio basin. In east China sea, SST warming is principally 
promoted by the enhancement of heat transport by advection and the reduced release 
of the latent heat and sensible heat flux. In south China sea, besides the dominating 
contribution of net heat flux, the weakening of the upwelling caused by the negative 
anomaly of the wind stress curl and the enhancement of the heat transport from 
kuroshio intrusion also play a role to some extent. 
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根据 IPCC 第五次评估报告的结果[3]，在所有 RCP 情景下，未来全球海洋
平均海表温度将会上升。到 2090 年，在 RCP8.5 情景下平均海表面温度将会比
1990年高出 2.7°C。到 21世纪末 ，在 RCP2.6和 RCP8.5情景下， 上层 100 米

























1986-2005 年相比，北极海冰体积在 RCP2.6 情景下，在二月份将减少 8%，九
月份将减少 43%；在 RCP8.5 情景下，二月份将减少 34%，九月份将减少 94%。
南极海冰体积在 RCP2.6 情景下，二月份将减少 16%，九月份将减少 8%；在
RCP8.5情景下，二月份将减少 67%，九月份将减少 30%。 
Wong等[12]指出全球平均海平面将会上升。全球平均海平面在 2081-2100 年
与 1986-2005 年相比，RCP2.6 情景下将会上升 0.26-0.55 米，RCP4.5 情景下将











存在三种观点，即 El Nino-like 分布型态，La Nina-like 分布型态和 EER 分布型
态。 
























呈现类似 El Nino的分布型态[13-14]。 
然而，对已过去的 20 世纪的 SST 数据变化的分析显示，系统更多的朝向
类似 La Nina 的状态演化，赤道东太平洋实际上变得更冷了[31-32]。ZC 耦合模式
[33]模拟出了热带太平洋“La Nina-like”的响应。热带太平洋 SST 平均状态的分
析在不同的数据集中得出的结论也是不同的[34]，利用 Kaplan 数据和 HadISST
数据计算的热带太平洋 SST 在 1880-2005 年的线性趋势呈现出“La Nina-like”
的结构，利用 NOAA 的 ERSST 数据计算的线性趋势呈现出“El Nino-like”的




































的趋势，东海和南海 SST 升温趋势尤为显著，并指出东海 SST 大幅上升是由我
国近海上空冬季风和夏季风在 1976 年后减弱引起的。在 1950-2006 年，由于经
向风异常和副高的变化，南海 SST 明显上升，在南海中部海盆升温达 0.92°C。






第五次评估报告[3]预估了 2016-2035 年的全球海温趋势，在 RCP4.5 情景下中国
近海将增温 0.75°C。Yu 等[47]对中国近海海温的预估指出 2080-2099 年相对于
1986-2005 年温度增量最大为 2.5-4.5°C，最小为 1.2-2.0°C。温度增加较大的
区域位于渤海和黄海中部，增加较小的区域位于我国东南沿岸，朝鲜西海岸和
东海南部附近。有研究表明未来近 100 年在 RCP4.5 和 RCP8.5 情景下，我国近
海海温的平均增温分别可达 1.5°C和 3.3°C，并指出海表面净热通量和海水暖
平流的变化共同促进了东海升温[48]。对我国南海的预估表明，未来 100 年南海




海浅海地区 SST的变化趋势更大可达 1.8°C/50年，东海 SST的增长速率为 1.2°
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